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ABSTRACT
A study was conducted to determine the effects of 
inherent factors, ages of hens, dietary calcium levels, 
and environmental temperaturs on blood steroid hormone 
levels in relation to egg shell quality. Four experiments 
were designed: (1) The inherent factors included ovipo­
sition time, oviposition interval, clutch size, and egg 
production, with 30 layers; (2) The age groups consisted 
of 12 months (young) and 24 months (old) hens, with 30 
birds to a group; (3) The dietary calcium levels comprised 
of 3.50, 3.15, and 2.50% dietary calcium, with 15 birds 
to a level; and (4) The environmental temperatures con­
sisted of 32°C and 24°C constant ambient temperature 
treatments, with 64 birds to a temperature treatment.
Birds in Experiment 1, 2, and 3 were placed in individual 
cages in an open-sided laying house, while in Experiment 
4 birds were placed in individual cages in environmental 
controlled chambers, in all experiments, eggs were collect­
ed and identified according to the individual hens and 
egg weight, specific gravity of the egg, shell weight,
and shell percent were determined. Blood samples were 
drawn by heartpuncture from each hen at 4hr intervals 
for a total of 6 collection periods, beginning at G800 
hr. The collected blood samples were analyzed for 
progesterone, corticosterone, estradiol and estriol 
using radioimmunoassay (RIA) procedures. Simple corre­
lations between steroid hormones and egg shell quality 
measures were made. The effect of inherent factors, age 
groups, dietary calcium levels, and ambient temperatures 
on steroid hormone levels and egg shell quality measures 
were determined by analyses of variance. Results 
indicated that a significantly better egg shell quality 
may be obtained from hens: laying eggs later in the day, 
with oviposition intervals of more than 26 hr or less 
than 24 hr, with younger age, fed with a high dietary 
calcium level, and placed in thermoneutral environments. 
Blood corticosterone levels were significantly decreased 
after chronic (17 days) exposure to 32°c. Reproductive 
steroid hormone levels were significantly higher than 
that of non ovulatory hens, indicating ovarian activities 
during the ovulatory cycle. Blood estradiol levels de­
creased significantly in the older, low egg producing
x
hens and increased at high ambient temperature. Estradiol 
levels appear to he independent of dietary calcium levels. 
At 1600 hr, estradiol level showed a positive relation­
ship with egg shell quality, while negative at 2 0 0 0  and 
2400 hr. At these specific times, the relationship 
between progesterone and egg shell quality was opposite 
to that of estradiol. Therefore, results suggested that 
the ratios between progesterone and estradiol in relation 
to ovulation time may have influenced the outcome of 
shell quality in eggs laid the next day.
INTRODUCTION
Egg shell breakage continues to be a major poultry 
industry problem. The Poultry and Egg Institute of 
America has estimated that $250 million are lost annually 
by the industry due to egg shell breakage. Egg shell 
breakage varies from 7 to 11 percent of the eggs laid 
(Brooks et al., 1970; Roland, 1978). Approximately 
half of the breakage occurs before leaving the site of 
production and half in subsequent processing and distri­
bution.
Egg shell breakage may be caused by one or a 
combination of factors. Egg shell quality varies with 
genetic lines of the hen, age of the hen, season of the 
year, nutrition of the hen, management practices, and 
mechanical egg handling equipment. It is well-known 
that egg shell quality deteriorates as the hen ages.
Hens tend to lay thinner shelled eggs as they grow older. 
Heredity can affect shell quality and influence egg 
breakage. Shell thickness varies considerably by strain 
of birds and even among birds in the same flock. Roland
2(1978) indicated that hens laying eggs in the evening 
have better egg shell quality as compared to morning 
layers. Egg shell quality may also be lowered by high 
environmental temperature. Since egg shells are composed 
almost entirely of calcium carbonate, calcium sources 
and calcium levels deserve major consideration in laying 
hen rations.
The physiological mechanisms for decline in egg 
production and egg shell characteristics with factors 
described above are not fully known. Studies in the 
past have shown exogenous steroid hormones may affect 
eggshell quality. Results were variable and conflicting 
and depended upon the activity, level, and route of ad^ 
ministration of the synthetic hormone. It is a known fact 
that gonadotrophic and ovarian hormones play major roles 
during the process of egg formation. It would be 
interesting to study the endocrine control of the shell 
gland, specifically calcium metabolism. It is tempting 
to suggest that some hormones might be involved either 
directly or indirectly in the formation of egg shell. 
Estrogen is known to affect shell gland growth and 
development. At the present time, no data is available
3to indicate whether changes in the endogenous hormone 
levels are related to egg shell quality in laying hens.
Recent advances in the measurement of blood hormone 
levels using radioimmunoassay has made possible studies 
of factors that affect these hormone levels. The 
objective of this study was to determine if factors known 
to influence egg shell quality (inherent factors, dietary 
calcium levels, age of hen and environmental temperature) 
■would also change the blood levels of certain steroid 
hormones (progesterone, corticosterone, estradiol and 
estriol) in a manner that could be relhted to the 
change in eggshell quality.
REVIEW OF LITERATURE
Introduction
Factors influencing the egg shell quality in the 
laying hens are complex and have heen investigated by 
numerous researchers. Wolford and Tanaka (1970) made 
a comprehensive review on factors affecting egg shell 
quality in the laying hens. Egg shell quality is 
affected by the interrelationship of inherent factors 
(which include oviposition time, oviposition interval, 
clutch size, egg production, hen age, and genetic strain 
of birds), external factors (which include nutrition, en­
vironmental temperature, and chemical pollutants), and 
internal metabolisms (which include hormones and enzymes) 
of laying hens.
Factors Affectincr Egg Shell Quality
Inherent Factors. The reason for the decline 
in egg shell quality as hens age has been a mystery 
since the beginning of the egg industry. Laying hens 
tend to lay thinner shelled eggs as they grow older.
Shell breakage ranged from 2.7 percent for hens in the
5first month of lay to 13.5 percent for hens in their 
fifteenth month of lay. Perhaps the two most common 
explanations (Petersen, 1965) given during the past 50 
years for the decline in egg shell quality as the hen 
ages are: (1 ) the amount of calcium the hen absorbs 
and retains for use in the shell calcification process 
decreases with age; and (2 ) the amount of skeletal 
calcium which is readily available for shell calcification 
decreases as the hen ages. Experimental evidence showed 
that maximum calcium retention was 1.5 to 1.7 g per 
bird per day in old hens as coitpared to 2 . 0  g or more with 
young hens (Hurwitz and Griminger, I960, 1962). It was 
suggested in mice that the tendency of aged animals 
toward a negative calcium balance is not due to a de­
creased absorption rate from intestine, but is due to 
incomplete replacement of calcium eroded from the skeleton 
(Draper, 1964). Tyler (1940) suggested that the bird’s 
residual skeletal calcium decreased as the bird ages, 
resulting in a reduction in shell quality. However, 
recently it was shown that the amount of shell deposited 
on the egg does not decrease as the hen ages but remains 
relatively constant or slightly increases (Roland et al.
61975; Roland, 1977). Roland et al. (1978) conducted an 
experiment to determine the relationship of age on the 
ability of hens to maintain egg shell calcification when 
stressed with inadequate dietary calcium for short periods 
of time. Results of their studies demonstrated that age 
had no adverse effect on the hens' ability to maintain 
egg shell quality when subjected to short periods of 
calcium deficiency. However, young hens appeared to be 
more sensitive than older hens, The response of old 
hens to calcium deficiency in terms of mineral content 
of f&ces and bones suggested that the decline in shell 
quality with hen age was not due to a decline in the 
hen's ability to absorb calcium or utilize skeletal 
calcium.
The later in the day the egg is laid the better the 
egg shell (Roland et al., 1973); however, the reason for 
this is not known. Roland (1975) showed that shell 
quality was related to the time of oviposition. It has 
been hypothesized that the increase in light hours for 
hens laying eggs during the afternoon would explain the 
improvement in shell quality. However, more recently, 
Roland et al. (1977) found that increasing or decreasing
7the calcium level of the diet had influence on the vari­
ation in shell quality due to oviposition time. They 
suggested that the variation in shell quality was not 
caused by inadequate dietary calcium in the small intes­
tine at night. In earlier studies, Roland and Harms 
(1974) demonstrated that eggs laid during the afternoon 
were smaller than eggs laid during the morning. Even 
though it would take less calcium to put a shell with 
equal thickness on a smaller egg than on a larger one, 
they did not believe that egg weight was responsible for 
the variation of the shell quality, for two reasons.
First, egg weight does not continue to decline during 
the afternoon? and second, when morning and the afternoon 
eggs of the same weight are compared, the afternoon 
eggs had the highest specific gravity.
The relationship between egg production and egg 
shell quality is conflicting in the literature. A 
positive relationship between the rate of lay and shell 
quality was noted by Pope et al. (1960), while other ' 
researchers (Wilhelm, 1940; Perek and Snapir, 1970) 
observed that shell thickness is independent of produc­
tion rate. The clutch size and the position of an egg in
8the clutch had no significant influence on egg weight 
or specific gravity of the egg (Andrews, 1973; Nestor 
and Ehlhardt, 1974).
Nutritional Factors. The importance of adequate 
nutrition cannot he overlooked in providing eggs with 
strong shells. Since egg shells are composed almost 
entirely of calcium carbonate, calcium sources and 
calcium levels are a major consideration in laying hen 
rations. A dietary calcium level of 2.5 to 4.0% is 
required for egg type hens, depending on the feed intake 
which isrinfluenced by environmental temperature and 
egg production level. Young et al. (1964) suggested 
that a hen laying at a rate of 80 percent would require 
about 3.5 g calcium to meet daily needs. Low dietary 
calcium levels, less than 2 percent, significantly 
decreased egg shell quality in chickens (Mehring and 
Titus, 1964). Petersen et al. (1960) demonstrated 
that increasing the calcium level from 2.25% improved the 
egg shell quality. Increasing calcium level above 3% 
produced a conflicting result in egg shell quality among 
many researchers.
9It has been hypothesized that part of the problem 
of thin egg shell may be due to the hen becoming calcium 
deficient during certain periods of the day. Thus, she 
is unable to obtain and/or mobilize sufficient calcium 
to maintain shell quality*Roland et al., (1972a, b; 1973a, 
b) and Stonerock et al. (1972) have reported that this 
deficiency period occurs during the early morning hours. 
When hens were fed a diet containing 3% calcium (Roland 
et al., 1973a) the percent calcium of the contents in 
the small intestine was significantly reduced at 0600 hr 
as compared 2000 hr. The feeding of oyster shells as 
reported by Scott et al. (1971) or pullet-sized limestone 
as reported by Roland and Harms (1973) in a diet con­
taining 3% calcium significantly improved shell quality, 
presumably by supplying additional calcium to the bird 
during this critical period. Roland et al. (1973a) have 
also reported that no significant changes in the percent 
calcium level of the small intestine occurred at night 
when diet containing 4.40% calcium was fed. It was be­
lieved that these hens 'did not become dietary calcium- 
deficient during the early morning hours when this 
higher level of calcium was fed. It was concluded that
10
the larger particles of calcium carbonate, in the form 
of pullet - sized limestone, would have no influence on 
shell quality if the bird's diet contained adequate cal­
cium (Roland et al., 1974).
Despite the large amount of research done in the 
area of calcium nutrition of the layer, there is still 
controversy as to whether dietary calcium level influences 
feed intake and subsequently affects egg production.
Several reports suggested that calcium may be involved in 
the regulation of daily feed consumption in laying hens 
(Meyer et al., 1970? Scott et al., 1971). .Gleaves et al. 
(1977) indicated hens fed rations low in calcium con­
sumed more feed in an attempt to take in more calcium. 
Hebert et al. (1977) found that increasing the calcium 
level of the ration resulted in improved egg shell quality, 
but also resulted in decreased egg production and feed 
efficiency.
Most of the recent research into egg shell quality 
has centered around the calcium and phosphorus needs of 
the laying hen. Research on the relationships of other 
minerals to egg shell quality has been limited and in­
conclusive (Holder and Huntley, 1978).
11
Environmental Temperature Factor. The influence 
of high temperatures on layer performance is of parti­
cular importance in the tropics# subtropics, and parts of 
the United States. Low temperatures have also been of 
importance because of the desire to decrease building 
costs or heating needs. Controlled experiments since 
1930 have indicated various effects of temperature on 
the birds.
Of particular interest has been the effects of 
heat stress and nutrition, but only limited work has 
been done on the interrelationships between the two.
It is generally agreed that mild heat stress reduces egg 
production, egg size, and egg shell quality while 
improving feed efficiency (Mueller, 1961; Miller and 
Sunde, 1975). In addition, Bray and Gesell (1961) and 
Payne (1966) reported that the detrimental effects of 
constant high temperatures on egg production could be 
minimized by proper nutritional formulation.
de Andrade et al. (1976) conducted a study to 
determine the effects of constant mild heat stressor 
(32°c) on egg production and shell quality, and to find 
the possible role of nutrient intake on these effects.
12
Their results indicated that food consumption, egg pro­
duction, egg weight, specific gravity of eggs, shell 
thickness, percent shell, plasma calcium, hematocrit 
values, and partial pressure of CO2 in blood were de­
creased. The use of the 'High Nutrient Density' diet 
partially alleviated the effects of heat stress on shell 
percent, egg weight, and egg production. In the following 
year, de Andrade et al. (1977) reported a study on the 
effects of constant (31°C) and cyclic (26.7 to 35.6°C) 
heat stress conditions on egg production and shell
quality to determine the possible’role of nutrient 
intake on these effects. Their results showed that the 
following parameters were reduced by both heat stress 
conditions, but that the values for 31°c cyclic were 
intermediate between 31°C constant and 21°C constant: egg 
production, specific gravity of the egg, shell thickness 
and serum thyroxine levels. Factors which were lowered 
by heat stress, but which were not greatly different 
between cyclic and constant 31°C included: feed consump­
tion, egg weight, plasma calcium, hematocrit values, and 
bone ash. Feed conversion was improved with high tem­
perature, and the best conversion was noted in the 31°C
13
cyclic environment. The ’High Nutrient Density' diet 
increased egg production only at high temperatures# and 
egg production of hens fed the 'High Nutrient Density' 
diet at elevated temperatures approached normal. Feed 
consumption was decreased# egg size was increased# feed 
efficiency was improved and plasma calcium was increased 
hy feeding the 'High Nutrient Density’ diet regardless of 
environment. However# diet had no effect on the various 
measures of shell quality.
Endocrinological aspect of environmental temperatures 
on performance of layers, particularly on egg shell 
quality, has gained attention by a number of researchers 
in the recent past. Early work with turkey hens by 
Kohne and Jones (1976) showed that temperature increases 
caused a significant decrease in plasma levels of calcium 
and estrone# egg production# shell thickness# and egg 
weight. Also# the temperature increase caused a signi­
ficant fluctuation in plasma corticosterone levels and 
no apparent effect on the plasma estradiol levels. With 
the temperature increase# unbound plasma calcium levels 
and corticosterone levels showed a positive correlation 
to egg production. Bajpayee and Brown (1972) stated
14
that the increase in plasma corticosterone levels observed 
concurrently with the increased levels of estrone may 
represent a direct interrelationship of ovarian and 
adrenal activity during the periods of reproductive 
activity in the bird.
Erb et al. (1978) studied the interrelationships 
between diet and elevated temperatures on concentrations 
of progesterone, estradiol, and testosterone in blood 
plasma of laying hens. Concentrations of progesterone, 
estradiol, and testosterone across environments were 
higher in the hens fed the 'High Nutrient Density' diet. 
Across diets these steroids were elevated at 31°C cons­
tant as compared to 21°C constant. The 31°C cyclic was 
intermediate. In one trial, environment was a more im­
portant variable than diet and it affected primarily 
hens that ovulated during the day of sampling rather 
than unovulatory hens. In ovulatory hens, progesterone 
was about three-fold higher 31°C cyclic than in 21°C 
constant and estradiol was also elevated at each of the 
periods prior to ovulation. Concentrations of proges­
terone in blood plasma within treatments were correlated 
significantly with estradiol (r = .50) and with
15
testosterone (r = .24). Testosterone and estradiol also 
were correlated (r — .57).
Possible Role of Hormonal Control of Calcium 
Secretion in the Avian Shell Gland
In a study on the control of calcium secretion in 
the avian shell gland, Eastin and Spaziani (1978b) 
suggested that calcium secretion by the shell gland may 
be controlled by one or more hormones. It has been 
established that estrogens, working synergistically with 
progesterone and androgen, directly stimulate differenti­
ation of the avian oviduct as a whole and its subsequent 
development to full functional capacity (Oka and Schimke, 
1969a; 0'Malley et al., 1969; Yu et al., 1971). The 
magnum has been intensively studied in this regard 
(Brant and Nalbandov, 1956; Oka and Schimke, 1969a, b;
Yu and Marquadt, 1973).
It has also been established that estrogen is an 
important regulator of blood calcium levels in mature 
hens (Eastin and Spaziani, 1978b). In nonlaying birds, 
the concentration of total calcium in the circulation is 
about 10 mg %. During laying periods, the calcium
concentration increases to levels that fluctuate daily 
between 20 - 30 percent (Eastin and Spaziani, 1978a). 
Estrogen is believed to be responsible for the rise and 
mobilization of calcium for egg shell formation (Turner 
Schraer, 1977). When estrogen is administered to pullets, 
mature hens, cocks or capons, blood calcium is raised 
to levels exceeding 100 mg percent (Mueller, 1976). In 
the case of adequate calcium in the diet, the normal 
hypercalcemia of laying hens could be accounted for 
mainly, if not entirely, by the increased absorption 
of calcium from the intestinal tract (Simkiss, 1975).
At the same time, calcium• turnover in the bone increases; 
and therefore, a portion of total blood calcium arises 
primarily from the diet and secondarily through bone. 
During egg shell formation, both intestinal absorption 
and bone turnover are accelerated and it appears that 
during a portion of the time of egg shell formation some 
net depletion of bone calcium occurs (Hurwitz and Bar, 
1969; Urist, 1959). Despite intensified calcium mobili­
zation, total calcium in peripheral blood actually 
decreases during the shell formation to levels of 16 - 
18 mg %, the decrease accounted for entirely by withdrawal
17
of calcium by the shell gland (Hodges, 1969). The gland 
removes calcium from the blood and secretes it without 
overall accumulation at the rate of 100 - 150 mg/hr, at 
which rate the blood would be entirely depleted of 
calcium in 8 - 18 min if not maintained by increased 
intestinal absorption and some bone resorption (Eastin 
and Spaziani, 1978b).
While it is generally accepted that estrogen 
stimulates turnover and absorption of bone in birds, 
(Turner and Schraer, 1977; Arnaud, 1978) it is not clear 
how estrogen alone affects these responses in laying hens. 
Androgen is required for the full action of bone turnover 
(Taylor, 1971).. In addition, a role of parthyroid 
hormone (PTH) has been invoked in which PTH is secreted 
in response to the lowering of blood calcium during 
shell formation and is presumed to act on bone to moderate 
the decline in blood calcium. Whether the presence of 
PTH is necessary for estrogen action on bone or not is 
questionable, but the limited evidence available suggests 
the interaction is unlikely, unless calcium levels are 
very low (Taylor, 1971; Taylor et al., 1971). In any case,
18
PTH normally acts to replenish blood calcium through bone 
resorption when concentrations of blood calcium fall 
below the nonlaying level of 10 mg % (Taylor, 1971). 
Calcitonin does not seem to be required, (Speers et al. 
1970), but may have a minor homeostatic role in countering 
hypercalcemia as laying periods terminate.
Hormonal control of calcium absorption is poorly 
understood, but circumstantial evidence suggests that the 
increased absorption in laying hens is stimulated by 
synergistic action of estrogen and androgen (Common et 
al., 1948). Vitamin D in the diet is essential for 
adequate calcium absorption (Adam and Norman, 1970).
Therefore, the shell gland is a target organ of 
steroid hormones in that its differentiation and develop­
ment, as in the rest of the oviduct, is dominated by 
estrogen (Ljungkvist, 1967). Complete development to 
adult functional capacity appears also to require 
androgens and progesterone (Yu et al., 1971; Yu and 
Marquardt, 1973). However, regulation of these hormones 
during the laying cycle is not yet fully known. The
i
results of Eastin and Spaziani (1978a, b) indicated the 
presence of a fine control that initiates, maintains,
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and halts calcium secretion. They conclude that such 
control seems to be exerted by circulating hormone levels. 
Dacke (1976) rules out the possibility of PTH involvement 
in such controls.
Blood titers of progesterone, LH (Lague et al.,
1975; Shahabi et al., 1975) and androgen (Peterson et al.,
1973; Shahabi et jal., 1975) occur more or less together
with peaks at 2 0 - 24 hr after ovulation (2 - 6 hr
before the next ovulation). The rise in LH is somewhat 
more sharply delineated, whereas those of progesterone 
and androgen stretch over a greater span beginning 
between 8 - 1 4  hours before ovulation. Calcium secretian' 
is demonstrated to be increased before the rise in these 
hormones in the blood. Further, the hormone peaks 
occur after calcium secretion has reached a maximum 
and while it is rapidly declining (Eastin and Spaziani, 
1978b). It would appear that progesterone and/or androgen 
(LH indirectly) are not stimulators of calcium.-secretion, 
but may very well act to suppress secretion as their 
titers rise to some critical level in the blood.
The best direct correlation in time is between FSH 
titer (Imai and Nalbandov, 1971; Scanes et al., 1977) and
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calcium secretion; the two exhibiting peaks generally 
coinciding 14 - 18 hr after ovulation. As it is unlikely 
PSH affects the shell gland directly, attention is drawn 
instead to estrogen titers (Graber and Nalbandov, 1976; 
Lague et al., 1975; Peterson and Common, 1972; Shahabi 
et al., 1975) which are likely to be controlled by PSH. 
Consideration of a possible regulating role for estrogen 
is complicated by at least two sets of fact. First the 
reported number and timing of estrogen peaks vary with 
laboratory, although most agree that a major surge 
occurs shortly ( 1 - 4  hr) before the next ovulation. The 
most recent of the estrogen studies (Graber and Nalbandov, 
1976) reports no less than 4 sharply delineated estrogen 
peaks, at 5, 12, 17, and 24 hr after ovulation. Never­
theless, these data suggest the likelihood that estrogen 
stimulates calcium secretion. The first rise in blood 
estrogen after ovulation just precedes and may-.-.therefore 
initiate the increase in calcium boosted by successive 
estrogen surges. The final estrogen peak, which occurs 
after calcium secretion has sharply declined, is in­
effective as it is countered by the presumed suppressive 
effects of the rise in progesterone and androgen or the
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combination of these two. Secondly establishing that 
estrogen is the stimulus for the onset of calcium 
secretion, Eastin and Spaziani (1978a, b) showed basal 
calcium secretion in shell glands of prelayers is less 
than 25% of the basal secretion of layers.
The shell glands hormonal environment is complex. 
Measurements of hormonal titer at time intervals are 
almost certain to show more in the way of regular, 
periodic changes, particularly for PSH and androgen. 
Since, in addition, the mechanism of calcium secretion 
itself is complex (Eastin and Spaziani, 1978a), its 
control may involve more than one regulating hormone.
MATERIALS AND METHODS
Introduction
Hie purpose of these experiments was to determine 
the effects of oviposition time, oviposition interval, 
clutch size, egg production, age of the hen, dietary 
calcium level, and ambient temperature on plasma levels 
of progesterone, corticosterone, estradiol and estriol 
in relation to egg shell quality in laying hens. The 
field studies were conducted at the LSU Poultry Research 
Farm at Perkins Road and the RIA of steroid hormones was 
performed at the Poultry Science Building. Data were 
collected from January 1978 until February 1979.
Experimental Animals
A total of 248 Single Comb 'White Leghorn (SCWL) 
hens of the Shaver strain obtained as chicks and reared 
under conventional management conditions were used in this 
study. The hens included 188 young (12 months of age) 
and 60 old (24 months of age) birds. The chickens were 
identified and placed in individual cages (30 x 40 cm) in 
an open sided laying house (except for the environmental
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temperature study) and fed, unless specified, with a 
standard farm ration for layers (Table 1). The corn- 
soy based rations contained oyster shell flour as the 
major calcium source. In the environmental temperature 
study, the birds were placed in the environmental con­
trolled chambers.
Environmental Chambers
In the study to determine the effect of heat on 
egg shell quality, two chambers ( 8  x 18 feet) were con­
structed. The ambient temperature of one chamber was 
maintained at 24°C, while the other room was heated to 
a constant temperature of 32°C. The temperature within 
chambers was controlled by thermostats in the air con­
ditioning and heating units. Continuous ventilation 
was provided by the constant fan operation distributing 
air through the ducts. M r  was evenly distributed in each 
chamber via a plastic duct system (with holes) which 
paralleled the cages located on each side of the chambers. 
A total of 64 double decked individual cages (30 x 40 cm) 
were placed on each side of each chamber. The chamber 
temperature and relative humidity throughout the study
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TABLE 1. Composition of the laying diet
Ingredients % of the diet
Ground yellow corn 49.49
Soybean meal, 44% 25.00
Pulverized oats 1 0 . 0 0
Stabilized animal fat 4.00
Alfalfa meal 1 . 6 6
Dicalcium phosphate 1.70
Oyster shell flour 6.90
Salt 0.25
Vitamin mix (Layer) 1a 0.50
Mineral mix*3 0.50
1 0 0 . 0 0
Calculated analysis
17.0 %  protein
2816 KCal/ 1 kg metabolizable energy
3.15 % calcium
0.45 % available phosphorus
0.61 % methioninei + cystine
0 . 8 8 % lysine
Supplies per lb of diet: vitamin A 3992 IU, vitamin D 3  
998 ICU, vitamin E 2.5 IU, vitamin K 1.0 mg, niacin 10 mg, 
riboflavin 2 . 0  mg, calcium pantothenate 8 . 2  mg, vitamin 
b12 0 - ° ° 6  folacin 0.1 mg, biotin 0.3 mg, choline 
chloride 998 mg and DL-methionine 590 mg.
k Supplies per lb of diets: zinc 20 mg, copper 5.9 mg, and 
manganese 28 mg.
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were monitored using hygrothermographs^ which were checked 
and adjusted for accuracy using a sling psychrometer.
Air filters of air conditioning units was changed daily. 
Photoperiods in both chambers were 14 hr light and 10 hr 
dark with lights turned on at 0300 hours.
Experimental Design
Introduction. Four experiments were set-up in 
this study. Three of them were conducted in an open-sided 
laying house and the fourth experiment was done in the 
environmental controlled chambers. Eggs were collected 
daily throughout the duration of the study and they were 
identified according to the individual birds. Egg weight, 
egg shell weight, egg shell percent, and specific gravity 
(using salt solutions) of the eggs were determined. Blood 
samples were drawn by cardiac puncture from each hen. 
Steroid hormone levels in blood plasma were measured by 
RIA procedures.
Statistical analyses were performed by the computer 
using the Statistical Analysis System (SAS) procedure
1
See Appendix C
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(Barr et al., 1976). All possible simple correlations 
were calculated between variables measured. Treatment 
effects were analyzed by analyses of variance.
Experiment 1. This experiment was designed to 
determine possible effects of inherent factors*in hens 
such as the oviposition time, oviposition interval, 
clutch size, and egg production on steroid hormone 
levels in the blood and their interrelationships with 
egg shell quality. Thirty hens (24 months of age) were 
assigned randomly to individual cages in an open-sided 
laying house. Old hens were used in this study since 
they had greater variations in the inherent factors to 
be measured. Intensive and continuous visual observations 
were made from 0600 to 1800 hr daily for a total of 15 
consecutive days. This was necessary for.the determination 
of exact oviposition time of each hen for the entire 
period of study. All eggs were collected daily and were 
identified according to individual hens. Egg weight, 
egg shell weight, egg shell percent, and specific gravity 
of all eggs were determined. On the last day of study, 
blood samples for hormone analyses were collected at four 
hour intervals for 24 hrs beginning at 0800 hours. The
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four inherent factors measured were grouped as follows:
(A) Oviposition Time
a. Early morning i.e. oviposition time 
between 0600 and 0900 hr
b. Late morning i.e. oviposition time 
between 0900 and 1200 hr
c. Early afternoon i.e. oviposition time 
between 1200 and 1500 hr
d. Late afternoon i.e. oviposition time 
between 1500 and 1800
(B) Oviposition Interval
a. Short i.e. oviposition interval between 
10. and 24 hr.
b. Medium i.e. oviposition interval between 
24 and 26 hr
c. Long i.e. oviposition interval between 
26 and 28 hr
d. Very long i.e. oviposition interval 
between 28 and 30 hr
e. Extra long i.e. oviposition interval 
greater than 30 hr
(C) Clutch Size (Sturkie, 1976)
a. Irregular sequence and irregular skip
b. Irregular sequence and regular skip
c . Long skip
d. Regular
(D) Egg Production
a. High production i.e. above 80 percent
b. Medium production i.e. between 60 and 
80 percent
c. Low production i.e. less than 60 percent
The effect of these factors on the egg shell charac­
teristics and the plasma steroid hormone levels were de­
termined by analyses of variance. All possible simple 
correlation coefficients between variables measured were 
made.
Experiment 2. The main objective of this study 
was to determine the effect of two age groups of layers 
on blood plasma steroid hormones in relation to egg 
shell quality. This experiment consisted of two age 
groups of SCWL hens with 30 birds to a group. One group 
was 12 months of age and the other was 24 months of age.
29
These birds were randomly assigned to individual cages 
in an open-sided laying house. The chickens were fed 
the LSU farm ration for layers. Four ml of blood were 
drawn by heart-puncture from each hen at 0900 to 1200 
hr every other week for a total of six 2 week periods. 
During the same time, eggs were collected and identified 
according to the individual birds. Egg weight, egg 
shell weight, egg shell percent, and specific gravity of 
the eggs were determined. Plasma levels of corticosterone, 
progesterone, estradiol and estriol were measured by RIA 
procedures. All possible simple correlations were cal­
culated between variables measured. Age and period 
effects were analyzed by analyses of variance.
Experiment 3. The objective of this experiment 
was to explore the effect of dietary calcium levels on 
blood steroid hormone levels in relation to egg shell 
quality. Forty-five laying hens (12 months of age) were 
assigned randomly to individual cages in an open-sided 
laying house. The treatments consisted of three calcium 
levels in the diet (Table 2) assigned as follows: (a)"low 
calcium, 2.50% calcium, 15 birds, (b) control, 3.15%
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TABLE 2. Composition of experimental diets
Ingredients Low Ca Control High Ca
Percent
Ground yellow corn 37.60 49.49 33.59
Milo 30.75 - 27.73
Soybean meal, 44% 19.23 25.00 20.23
Pulverized ©ats - 1 0 . 0 0 -
Pish meal 4.75 - 5.00
Stabilized animal fat. — 4.00 2.80
Alfalfa meal 0.80 1 . 6 6 1.19
Dicalcium phosphate 1.70 1.70 1.69
Oyster shell flour 4.17 6.90 6.77
Salt - 0.25 -
Vitamin mix (Layer)a 0.50 0.50 0.50
Mineral mix*3 0.50 0.50 0.50
1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
1 Calculated.Analysis
Calcium (%) 2.50 3.15 3.50
Available phosphorus (%) 0.50 0.45 0.50
Protein (%) 18.00 17.00 17.00
Metabolizable energy
(%) 13.00 12.80 13.00
(KCal/kg) 2860 2815 2860
a
Supplies per 11) of diets: Vitamin A 3992 IU, Vitamin Dg 
998 ICU, Vitamin E 2.5 IU, Vitamin K 1.0 mg, niacin 
1 0  mg, riboflavin 2 . 0  mg, calcium pantothenate 8 . 2  mg, 
vitamin B 1 2 0.006 mg, and folacin 0 . 1  mg.
b
Supplies per lb of diets: zinc 20 mg, copper 5.9 mg, and 
manganese 28 mg.
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calcium, 15 birds, and (c) high calcium, 3.5% calcium,
15 birds. The birds were fed with the experimental diets 
for a total of 18 consecutive days. Eggs were collected 
daily throughout the experimental periods. Egg weight, 
egg shell weight, egg shell percent, and specific gravity 
of the eggs were determined from the collected eggs.
On tiie eighteenth day, blood samples were collected by 
heart-puncture from each hen in the low and high calcium 
treatment groups at 4 hr intervals for 6 consecutive 
periods for the same steroid hormones analyzed in 
Experiment 2. Treatment effects on egg shell characte?- 
ristics and plasma steroid hormone levels were deter­
mined by analyses of variance. All possible simple 
correlations were made between variables measured.
Experiment 4 . The purpose of this experiment was 
to evaluate the effect of environmental temperature 
stress on plasma levels of steroid hormones in relation 
to egg shell quality. The experiment consisted of two 
treatments with 64 laying hens (12 months of age) per 
treatment. Two environmental control chambers were used 
and birds from each treatment were randomly assigned to
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one of the chambers. The treatments were : (a) constant 
32°C (heat stressor) and (b) constant 24°c (control). 
Initially birds were placed singularly in cages of 
assigned chambers and hens were allowed to acclimate to 
chamber conditions at 24°C for 7 days. On the eighth 
day, the temperature in one of the chambers was raised 
to 32°c to facilitate heat stress on the birds for the 
next 17 days. The ambient temperature of the other 
chamber remained at 24°C for the rest of the experimental 
period. The surrounding air temperature and relative 
humidity were monitored using hygrothermographs. . Main­
tenance of the chambers during the study was as described 
in the previous sections. Eggs were collected daily 
and were identified according to individual hens. Egg 
weight, egg shell weight, egg shell percent, and egg 
specific gravity were recorded. On the last day of the 
experimental period, 2 0  hens from each of the treatment 
groups were randomly selected and blood samples were 
collected from each hen at four hr intervals for 24 hr 
starting at 0800 hours. Plasma steroid hormone levels 
were analyzed using RIA procedures. Temperature effects 
on the egg weight, egg shell characteristics, and steroid
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hormones levels were determined using analyses of variance. 
All possible simple correlations were made on the variables 
measured.
Blood Collection
Blood samples were collected from each experimental 
hen using 22 ga (1.5 in) needles and 5 ml disposable 
syringes. Prior to drawing of blood, each of the 
collection syringes were flushed with heparin2 as an 
anticoagulant. Three ml of blood were drawn from each 
bird by heart-puncture. The blood was kept cool by 
placing syringes containing blood in ice before further 
processing. Blood was then centrifuged^ at 8 8 6  g for 
2 0  minutes to separate plasma from the other components 
of blood. Plasma was aspirated using pasteur pipets and 
dispensed into sample vials^. The vials were capped 
tightly and placed in a freezer (-21°C) until used for 
extraction in the RIA procedures.
RIA Procedure
The RIA procedure for steroid hormones in the
2,3,4
See Appendix C
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blood of laying hens consisted of three phases: (1 ) saitple 
preparation and extraction, (2 ) incubation of the anti- 
body-labelled antigen complex (AB/S*) with prepared 
samples and a standard curve, and (3) separation of
3 o
antibody bound H - steroid from free - steroid. The 
ends of each phase were natural overnight "stop-point" 
when desired. However, when sample size of a given 
assay was not overly cumbersome, -and when daily schedule 
permited, the sequential phases can be performed in a 
single day without stopping. Kinetic studies resulted 
in no differences between standard curves in which the 
AB/S* was incubated with the standards for as long as 
24 hr or for as short as 15 minutes.
Phase I . Sample 'Preparation and Extraction 
As shown in Figure 1, a system of selective solvent 
partitioning was utilized to isolate various steroid 
hormones for subsequent assays. Using a Micromedic
5
pipetting system , 2 0 0  ul of plasma were added to a 
16 x 1 0 0  mm disposable culture tubes® along with two ml 
of 2,2,4 - trimethylpentane^(TMP or iso-octane).
5*, 6,7
See Appendix C
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Extract with 2 ml TMP 
60 seconds vortex 
2 0  minutes centri­
fuge ( 8 8 6  g.at 
4°C)
5 minutes freeze
Extract with 2ml DCM 
60 seconds vortex 
2 0  minutes centrifuge 
( 8 8 6  g at 4°C) '
5 minutes freeze
Evaporate 
to dryness 
+ 1 . 0  ml 
BB
Evaporate to dryness 
+ 1.0 ml BB
Progesterone
Assay
Aqueous Phase 
(Plasma)
TMP Extract 
(Progesterone) 
(90%)
DCM Extract 
(Estrogens and 
Corticosterone)
Aqueous Phase 
(Plasma) 
(Discard)
Plasma Sample 
2 0 0  ul
Estrogens and Corticosterone 
Assay
FIG-1. A flow chart of solvent extraction for steroid 
hormones. Abb. are DCM (dichloromethane), BB 
(borate buffer), and TMP (trimethylpentane).
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Micromedic pumps were washed sequentially with radiac- 
wash37# %  acetic acid, 95% ethanol, and distilled water 
after each use. The diluted samples were vortexed under 
lowest possible "vorticity" for 60 seconds, and then 
were centrifuged at 8 8 6  g for 20 minutes at 4°C. The 
tubes were placed upright in an Environmental cabinet9  
(_40°c). The top or progesterone - containing layer 
(supernatant) was decanted into 16 X 100 mm culture tubes 
and saved. The micromedic was than used to dispense 
two ml of dichloromethane -^9 (DCM) to partition estrogen 
and corticosterone constituents of the remaining plasma 
into DCM. Samples were vortexed at lowest possible 
vorticity for 60 seconds and were centrifugedat 8 8 6  g 
for 20 minutes. Culture tubes were placed on a slant 
(10 degree angle above horizon) in an Environmental 
Cabinet (-40°c). The bottom DCM layer was removed 
by decanting into labeled 16 x 1 0 0  mm culture tubes.
The above DCM extraction procedure was repeated on 
each sample and DCM extracts were combined. All 
estraction solvents (TMP and DCM) were placed in a spe­
cial rack fitted to a blower/compressor air system. The
37, 8 , 9, 10
. See Appendix C
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The system was used to evaporate solvents under moving 
air at room temperature. The dried samples were recon­
stituted hy addition of one ml of horate buffer (Appendix 
A) to each sample tube. The reconstituted samples were 
vortexed briefly for 3 seconds at lowest possible 
vorticity. The reconstituted sample culture tubes were 
covered with wooden corks. The prepared samples were 
stored in refrigerator until used in phase II. The 
pooled samples (Appendix A) were treated identical to 
unknown plasma samples.
Phase II. Incubation of AB/S* with Prepared 
Samples arid a Standard Curve
AB/S* (Appendix A) was made fresh for each assay.
The amount of radioactivity was calculated to initially 
yield 1 0 , 0 0 0  to 15,000 cpm per assay tube.
a) Standard Curve Stock solutions of 0.5 ng
radioinert steroid per ml ethanol was prepared. Lang- 
27levy glass pipets were used to deliver triplicate
volumes of 10, 25, 50, 100, 200, 300, and 500 ul of stock
11radioinert steroid to 10 x 75 mm disposable culture tube 
27, 11
See Appendic C
38
These volumes resulted in the addition of 5, 12.5, 25,
50, 100, .150, and 250 pg of steroid to standard curve 
tubes. Standards were dried using moving air at room 
temperature as described for preparation of unknowns.
Using the Micromedic pipettor, 50 ul BB was incubated 
with 200 ul of AB/S* solution in each standard curve 
tube.
b) Samples. The reaction mixture for the unknowns
included the incubation of 50 ul of a prepared samples
with 200 ul of AB/S* solution using the Micromedic
pipetting system. Unknown were assayed in duplicate.
NSB (Appendix A) testing of borate buffer and plasma was
also included in the assay. Using long strips of 
12
parafilm , an entire rack (Appendix A) was sealed off 
to minimize evaporation during incubation. Incubation 
of both standards and sample unknowns occurred concurrently 
at room temperature overnight.
Phase III. Separation of Antibody Bound ^H-Steroid
3
From Free H~Steroid
After incubation, 250 ul of a saturated ammonium
12 : : ~  •
See Appendix C
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sulfate solution was added to all assay tubes, except 
triplicate total count (TC) tubes. To each of TC tubes, 
250 ul of BB were added. These procedures yielded a 
final assay volume of 500 ul in all tubes by the end of 
phase III. All assay tubes were briefly touched to a 
vortex mixer, centrifuged at 886 g and 4°c for 2 0  
min to concentrate the chemical precipitate (antibody 
bound H-steroid) on the bottoms of the culture tubes. 
The tubes were allowed to stand at room temperature for 
5 minutes. Pour hundred ul aliquots were then aspirated
I Q
from all assay tubes by a Repipet System . The latter
system was used to dispense 10 ml LS cocktail^ along
15with the aspirated samples into counting vials . The
vials were capped, shaken, and counted on a LS 230 
16
counter . Appendix B shows. a table on the volumes of 
the various solutions needed throughout the assay.
13, 14, 15, 16
See Appendix C
RESULTS
Radioiitmronoassav. Representative standard curves
for progesterone, corticosterone, estradiol, and 
estriol are shown in Figure 2. For curve dose 
interpolation, a linearized curve was used by plotting
3
the logit of the response variable Y (% Free H-Steroid) 
vs. (pg of steroid) x log of the dose (Appendix A). 
Coefficients of determination greater than 0.9700 were 
obtained for the standard curves for all the assays.
The mean recoveries of progesterone (extraction efficiency) 
and the rest of steroids measured were 90 (n = 5) and 
95% (n = 5), respectively. Validations for specificity, 
precision, sensitivity, and accuracy on two of the steroids 
(progesterone and corticosterone) were made. Table 3a, b 
shows the percent cross reaction for the two steroids 
measured. The NSB values were insignificant and less 
than one percent in all assays. The intra- and interassay 
variations (precision) for corticosterone were 3 (n=16) 
and 5% (n=25)^ respectively and for progesterone, 9 (n-5) 
and 15%. (n=5), respectively. The least amount
40
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FIG. 2. Typical steroid RIA standard curves
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TABLE 3a. Percent cross reaction of steroids with 
progesterone and corticosterone as 
determined in our laboratory
Steroid Compound Cross reaction percent
Progesterone corticosterone
Progesterone 1 0 0 . 0 0 74.4
lip -Hydroxyprogesterone 44.0*** 85.7
Corticosterone 2 . 6 1 0 0 . 0
Deoxycorticosterone 10.3** 39.5
Cortisol 0 . 1 6.5
20 << -Hydroxyprogesterone 1 . 0 4.6
Aldosterone 0 . 1 3.1
17 e< -Hydroxyprogesterone 17.0** 1 . 8
20 p -Hydroxyprogesterone 2.5 1.7
Cortisone 0 . 1 0 . 8
Estradiol-17p 0 . 1 0 . 1
Estrone 0 . 1 0 . 1
Estriol 0 . 1 0 . 1
*
Cross reacting steroids were removed by solvent
partitioning.
**
Data on presence in these steroids in hen plasma 
not found.
***
Steroid is believed to be a labile intermediate 
in metobolism.
Table 3b. Percent cross reaction of steroids used as determined by manufacturer 
of antiserum
Cross reaction (%)
Steroid Compound Progesterone Corticosterone Estradiol Estriol
Corticosterone 2.3 1 0 0 . 0 e.i 0 . 1
11£ -Hydroxyprogesterone - - — —
Progesterone 1 0 0 . 57.8 0 . 1 0 . 1
Deoxycorticosterone 5.3 43.7** 0 . 1 0 . 1
Cortisol . 1 5.2 0 . 1 0 . 1
20 << -Hydroxyprogesterone 0 . 6 16.3** 0 . 1 0 . 1
Aldosterone . 1 0.7 0 . 1 0 . 1
17 v( -Hydroxyprogesterone 6.3 0.9 0 . 1 0 . 1
20 f> -Hydroxyprogesterone 5.0 4.9 0 . 1 0 . 1
Cortisone 0 . 1 0 . 2 0 . 1 0 . 1
Estradiol - 17£ 0 . 1 0 . 1 0 . 1 0 . 1
Estrone 0 . 1 0 . 1 0 . 1 0 . 1
Estriol 0 . 1 0 . 1 0 . 1 0 . 1
**
See Table 3a
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(sensitivity) of corticosterone or progesterone that 
could he detected from the zero level was 5 pg. Accuracy 
testing yielded recoveries of 91, 103, and 93% when 10, 
25, and 50 pg, respectively of corticosterone were added 
to the pooled plasma source and reassayed. In the case 
of progesterone, 84, 96, and 89% recoveries were found 
when 25, 100, and 1000 pg, respectively of progesterone 
standard were added. Estradiol and estriol assays were 
not validated for precision,specificity, sensitivity, 
and accuracy in our laboratory. Manufacturers data on 
the antiserums' specificity were available and given 
in Table 3b.
Experiment 1. Egg weight, specific gravity, 
shell weight, and shell percent were used as measures 
of egg shell quality in this study. The general 
correlations between these measures and the inherent 
factors are shown in Table 4. Highly significant re- 
laionships (P 4. .01) were found in the correlations among 
specific gravity, shell weight, and shell percent. Also, 
egg weight and shell weight were positively correlated. 
The egg laying inherent factors (oviposition time,
TABLE 4. General correlations for egg shell characteristics in the inherent
factors study (Experiment 1)
Specific
gravity
Shell
weight
Shell
percent
Oviposi­
tion time
Oviposi­
tion in­
terval
4
Egg pro­
duction
Egg weight .07 .48** - . 0 1 -.18** i • o .13**
Specific gravity .78** .85** , 3 7 ** .2 1 ** . 14**
Shell weight .87** .24** .18** .2 2 **
Shell percent .37** .2 2 ** .17**
Oviposition time .69** - .03
Oviposition interval - .17**
** Significant at 0.01
Ul
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interval, and egg production) were positively correlated 
to the egg shell quality measures.
To gain more insight into the effect of the in­
herent factors on egg shell characteristics, correlations 
among the latter measures within the inherent factors . 
were made. Tables 5, 6 , 7, and 8  show these relationships. 
Similar trend of relationships were found. It is interes­
ting to note that there was a negative correlation 
between egg weight and specific gravity and egg weight 
and shell percent in the regular clutch size group
tr
(Table 7). Simple correlations among egg shell characte­
ristics and the inherent factors by clutch size are 
presented in Table 9. Oviposition times were correlated 
to specific gravity, shell weight, and shell percent in 
all the clutch size groups except the long skip group.
The oviposition intervals were negatively correlated to 
egg weight, and positively correlated to specific 
gravity, and shell percent in the irregular sequence ir­
regular skip group.
The means for the effect of inherent egg laying 
factors in the hen on egg shell characteristics are 
given in Table 10. Considering oviposition time, egg
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TABLE 5. Simple correlations for egg shell characteristics
by oviposition time group (Experiment 1)
Specific
gravity
Shell
weight
Shell
percent
0600-0900 hr
Egg weight . 0 1 .48** - . 0 1
Specific gravity .74** .84**
Shell weight .87**
0900-1200 hr
Egg weight .26** .58** .14
Specific gravity .76** .78**
Shell weight .8 8 **
1200-1500 hr
Egg weight .28* .56** .08
Specific gravity .83** .84**
Shell weight .8 6 **
1500-1800 hr
Egg weight .06 .63** .03
Specific gravity .75** .92**
Shell weight .79**
* Significant at P < .05
** Significant at P < .01
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TABLE 6. Simple correlations for egg shell characteristics
by oviposition interval group (Experiment 1)
Specific
gravity
Shell
weight
Shell
percent
Less than 24 hr
Egg weight -.24 .60 -.34
Specific gravity .60 . 9 4 **
Shell weight .53
24 - 26 hr
Egg weight .19 .60** .16
Specific gravity .69** .75**
Shell weight .8 8 **
26 - 28 hr
Egg weight .16 .48** - . 0 1
Specific gravity .82** .84**
Shell weight .87**
28 - 30 hr
Egg weight .07 .58** - . 0 1
Specific gravity . 7 7 ** .89**
Shell weight . 80**
More than 30 hr
Egg weight .13 .73** . 0 2
Specific gravity .72** .92**
Shell weight .69*
* Significant at P < .05
** Significant at P < .01
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TABLE 7. Simple correlations for egg shell characte­
ristics by clutch size (Experiment 1)
Specific
gravity
Shell
weight
Shell
percent
Irregular sequence irregular skip
Egg weight .07 
Specific gravity 
Shell weight
.53**
.70**
-.05
# 7 7 ** 
.81**
Irregular sequence .regular:skip 
Egg weight 
Specific gravity 
Shell weight
.16* .51**
.83**
. 1 2
.89**
.91**
Long skip 
• Egg weight 
Specific gravity 
Shell weight
.13 . .61
.81
. 1 2
.94**
.85
Regular
Egg weight 
Specific gravity 
Shell weight
-.58** -.39
.82**
-.63**
.87**
.95**
** Significant at P < .01
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TABLE 8. Simple correlations for egg shell characteristics
by egg production (Experiment 1)
Specific Shell Shell
gravity weight percent
Above 80% egg production
Egg weight .15* .54** .07
Specific gravity .81** .8 8 **
Shell weight .87**
60 - 80% egg production
Egg weight -.08 .35** -.18*
Specific gravity .72** .80**
Shell weight .84**
Less than 60% egg production
Egg iweight .08 .33 -.09
Specific gravity .85** .8 6 **
Shell weight .90**
* Significant at P < .05
** Significant at P < .01
TABLE 9. Simple correlations among egg shell characteristics and the
inherent factors by clutch size (Experiment 1)
Egg
weight
Specific
gravity
Shell
weight
Shell
percent
Irregular sequence irregular skip
Oviposition time -.2 1 ** .35** .25** .44**
Oviposition interval -.2 2 ** .32** .17 .37**
Egg production .31** .19* .42** .29**
Irregular sequence regular skip
Oviposition time -.17* .35** .17* .29**
Oviposition interval .17 . 1 1 .19 .13
Egg production .07 .06 . 1 2 . 1 0
Long skip
Oviposition time -.08 .34 .30 .43
Oviposition interval - - - -
Egg production . 2 1 -.61 -.39 -.64
Regular
Oviposition time -.57** .60** .6 6 ** .74**
Oviposition interval -.27 .32 .27 .35
Egg production -.51** .62** .58** .65**
* Significant at P < .05
** Significant at P < .01
TABLE 10. Means for the effect of inherent egg laying factors in the hen on
egg shell characteristics (Experiment 1)
Egg 
weight (g)
Specific
gravity
Shell 
weight '(g)
Shell
percent
Oviposition time
0600 - 0900 hr 65.4a 1.070a 5.59c 8.55d
0900 - 1200 hr 64.2b 1.073b 5.69c 8.85c
1200 - 1500 hr 63.5b 1.078c 5.93b 9.33b
1500 - 1800 hr 63.5b 1.081d 6 .1 2 a 9.60a
Oviposition interval
Less than 24 hr 64.lab 1.079ab 6 .0 0 a 9.38ab
24 - 26 hr 64.3a 1.072c 5.60b 8.70c
26 - 28 hr 64.2a 1.077b 6 .0 1 a 9.34b
28 - 30 hr 62.9b 1.081a 6.13a 9.73a
More than 30 hr 63.5ab 1.080ab 6 .0 2 a 9.46ab
Clutch size
IQIK1 65.5a 1.074a 5.80a 8.85a
IQRK2 63.9ba 1.075a 5.82a 9.09a
Long skip 57.5da 1.073a 5.30 a 9.20a
Regular 62.5c a 1.073a 5.45'a 8.71a
Egg production 
Above 80% 64.4a 1.076a 5.88a 9.12a
60 - 80% 64.7a 1.073'.a 5.74 a 8 . 8 8  a
Less than 60% 62.1.a 1.072 a 5.31a 8.56 a
a b e d' ' ' means with different superscripts within the same column in a group
differ significantly (P 4 .05)
A clutch size of irregular sequence and irregular skip.
2 A clutch size of irregular sequence and regular skip
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shell quality measures improved as hens laid eggs later 
in the day. Egg shell quality measures tended to be 
lower at the oviposition interval of 24 to 26 hours. The 
clutch size showed an irregular pattern without any 
differences seen in egg shell quality. Egg shell quality 
was not affected by level of egg production.
Table I, II,'III, and IV (Appendix D) show that 
inherent factors of oviposition time and interval were 
statistically significant sources of variation on the egg 
shell quality measures.
Table 11 shows the simple correlations of egg shell 
quality measures with steroid hormones at various times 
of the day. Statistically significant positive correla­
tions were obtained between progesterone levels and egg 
shell quality measures at 2000 and 2400 hours. Corticos­
terone showed little significant correlation with egg shell 
quality. The correlations between estradiol levels and 
egg shell quality measures were postitive at 1600 hr and 
were negative at 2400 hour for specific gravity and shell 
percent. Estriol correlations, made only at 0800 hour, 
were shown to be negatively correlated to the shell weight.
Table 12 presents the mean hormone values for the
TABLE 11. Correlation Coefficients between egg characteristic3  and
progesterone, corticosterone, estradiol, and estriol levels 
_____________in blood (Experiment 1)______________________________________
Hormone Time
hr
Egg weight Specific
qxavitv
Shell
weiqht
Shell
percent
Progesterone 0800 .05 . 1 2 .18 .13
1 2 0 0 .18 .08 .16 .08
1600 .14 -.05 .06 - . 0 1
2 0 0 0 .15 .42* .45* .37*
2400 -.15 .41* .33* .42*
0400 - . 2 0 .08 .07 .14
Corticosterone 0800 — — — —
1 2 0 0 .16 .17 . 2 2 . 2 0
1600 .57 .18 .46 .16
2 0 0 0 -.36 .45 .39 .48*
2400 .06 -.30 -.34 -.34
0400 -.34 -.15 -.45 -.30
Estradiol 0800 — — —  _ —
1 2 0 0 .61 -.77 - . 2 2 -.72
1600 -.15 .71 .56* .72*
2 0 0 0 .06 .46 .31 .29
2400 .55 -.6 6 * -.37* -.6 8 *
0400 -.37 - . 0 1 - . 2 2 -.06
Estriol 0800 . 2 0
COt>•i -.95* -.70
a
Egg characteristics measured on day of blood sanpling
*
Significant (P < ,1).
TABLE 12. Means of progesterone, corticosterone, estradiol, and estriol
levels in blood of hens in the inherent factors study (Experiment 1)
(nq/ml)
Factor Proqesterone Corticosterone Estradiol Estriol
Oviposition time 
0600 - 0900 hr 0.69b 3.22a 0.99a 1.50a
0900 - 1200 hr 1.44a 4.14a 0.80a 1.97a
1200 - 1500 hr 1 .1 2 a 3.80a 1.45a 2.33a
Oviposition interval
24 - 26 hr 1.47a 3.98a 0.82a 4.6 6 a
26 - 28 hr 1.19a 3.66a 1.32a 2.37a
Clutch size
Irregular sequence irregular skip 0 .6 6 bc 2.67b 0.53b 0.44b
Irregular sequence regular skip 1.16a 4.01a 1.52a 2.14a
Long skip 0.25c 3.97ab 0.24b 0.89b
Regular 1 .0 2 ab 2.64b 1.15b 1.59ab
Egg production
Above 80% 1.28a 3.89a 1.38a 2.15a
60 - 80% 0.79b 3.25a 1 .2 1 a 1.39ab
Less than 60% 0.27c 2.74a 0.49b 0 .6 8b
a, b, c
Means with different superscripts within the same column of the same group 
differ significantly (P < .05) UlUl
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inherent factors studied. Levels of certain inherent 
factors are not shown since hen numbers in these cate­
gories were insufficient to provide a meaningful statis­
tical evaluation. Progesterone levels were lower at the 
oviposition time of 0600 to 0900 hours. . The other 
hormones did not seem to fluctuate with the oviposition 
time. Hormone levels were not detected to be different 
at various oviposition intervals. Hormone levels in 
relation to clutch size were erratic and no definitive 
trend was observed. Reproductive hormone levels tended 
to increase with improving egg production.
Analyses of variance for the effect of inherent 
factors on hormone levels are shown in Table V, VI, VII, 
and VIII (Appendix D). These results confirmed the 
differences in the means in the Table shown before.
Experiment 2. This experiment compared the effect 
of hen age on egg shell quality in relation to steroid 
hormone levels. Correlations between egg shell quality 
measures were similar with both young and old hens (Table 
13). As given in Table 14, all the means of egg shell 
quality measures were different between the age groups
TABLE 13 Correlation coefficients among egg shell quality measures with 
age of hen (Experiment 2)
Agea Spebific gravity Shell Weight Shell percent
Egg weight Young . 0 2 . 0 2 -.31
Old .06 .06 -.08
Specific gravity Young .56** .63**
Old .69** .78**
Shell weight Young .62**
Old .71**
a
12 and 24 months of age for young and old age hen groups, respectively.
**
Significant (P < .01)
TABLE 14. Means of egg characteristics by age groups (Experiment 2)
Age group1 Egg weight Specific gravity Shell weight Shell percent
Young 6 6 .7a 1.080a 6.39a 9.60a
Old 67.0a 1.070b 5.94b 8 .8 8 b
1
12 and 24 months of age for young and old age hen groups, respectively
a, b
Means with different superscripts within the same column differ 
significantly (P < .05)
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with old hens having poorer egg shell quality. Analyses 
of variance verifies that the effect of age on egg shell 
quality was statistically significant (Table IX - 
Appendix D).
Simple correlations between the steroid hormones 
with egg characteristics by the age groups are presented 
in Table 15. Both young and old birds showed a significant 
positive correlation between progesterone and specific 
gravity. In addition, progesterone was positively 
correlated to shell weight in old hens. Estradiol showed 
a negative relationship with shell percent in the young 
hens.
The means of steroid hormone levels by age groups 
averaged for all the 6 periods are presented in Table 16. 
The only significant difference detected was estradiol 
which was lower in the old hens. Analyses of variance 
(Table X - Appendix D) indicated that the only significant 
age effect was on estradiol. There were period effects 
obtained for progesterone, corticosterone, and estradiol.
An age by period interaction was also observed for corti­
costerone and estradiol. No clear trend was observed 
for: both period and age by period interaction.
TABLE 15. Simple correlations between egg characteristics and progesterone, 
corticosterone, estradiol, and estriol levels by age groups 
(Experiment 2)
Egg
Characteristics Agea Progesterone Corticosterone Estradiol Estriol
Egg weight Young - . 1 2 - . 1 0 .36 .33
Old .07 .18 -.80 .04
Specific gravity Young .36** -.36 -.16 .27
Old .43** .07 .62 -.33
Shell weight Young .07 -.04 -.30 - . 1 2
Old .31* - . 0 1 — —
Shell percent Young . 1 0 . 0 2 -.73* -.28
Old .27 -.04 . 2 1
a Age groups consist of young (12 months of age) and old (24 months of age) hens
* Significant (P < .05)
** Significant (P < .01)
TABLE 16. Means of progesterone, corticosterone, 
in blood by age groups (Experiment 2)
estradiol, estriol levels
Age (ncr/ml)
Group Progesterone Corticosterone Estradiol Estriol
Young 0.26a 4.56a 2.15a 1.73a
Old 0.23a 4.30a 1.17b 1.71a
1
Age groups consist of 12 months (young) and 24 months (old) of age hens. 
a, b
Means with different superscripts within the same column differ significantly 
(P < .05)
Experiment: 3. A distinct effect of dietary 
calcium levels on egg shell quality was obtained in this 
study. Simple correlations among egg characteristics 
with the three dietary calcium levels are given in Table 
17. The significant correlations shown between egg 
characteristics were similar regardless of the calcium 
levels used. The egg weight (Table 18) was not 
influenced by the level of dietary calcium. Egg shell 
quality improved as the dietary calcium levels increased 
as shown by the measures of specific gravity and shell 
weight, but not shell percent. Table XI (Appendix D) 
gives the analyses of variance for the effect of dietary 
calcium levels on egg characteristics.
Table 19 shews the correlation coefficients between 
egg characteristic measures and progesterone, corticos­
terone, estradiol, and estriol levels in the blood of 
laying hens. At 1600 hr, the correlations between 
estradiol and egg shell quality measures excluding shell 
weight (P < .1) were positive. At 0800 hr, both 
progesterone and estradiol were negatively correlated to 
egg shell quality measures. The means of the steroid 
hormone levels in hens fed 3.50% and 2.50% calcium and
TABLE 1 ■?. Correlation coefficients among egg characteristic measures by 
dietary calcium levels (Experiment 3)
Dietary 
Ca level
Specific
gravity
Shell
weight
Shell
percent
Egg weight 3.50 .08 .49** -.05
3.15 .17 .65* .05
2.50 .06 .57** - . 2 2
Specific gravity 3.50 .76** .82**
3.15 .70** # 7 9 **
2.50 .61** .67**
Shell weight 3.50 .83**
3.15 .78**
2.50 .6 6 **
Correlations are significant (P < .01)
TABLE 18. Means of egg characteristics by dietary calcium levels (Experiment 3)
Dietary 
Ca level
Egg 
weight (g)
Specific
gravity
Shell 
. weight (g)
Shell
percent
3.50% 65.8 a 1.080a 6.02a 9.15a
3.15% 64.0a 1.075b 5.67b 8.84a
2.50% 64. la 1.070c 5.55c 8.67a
a, b, c
Means with different superscripts within the same column differ 
significantly (P < .05)
CTl
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TABLE 19. Correlation coefficients between egg characte­
ristic on progesterone, corticosterone, estradiol
and estriol levels (Experiment 3)
Hormone Time
hr
Egg
weicrht
Shell
crravitv
Shell
weicrht
shell
percent
Progesterone 0800 -.70** -.60** -.75** -.29'
1 2 0 0 -.24 .45 .41 .64*
1600 -.35 - . 2 2 -.47 -.27
2 0 0 0 .15 -.19 . 1 1 . 0 1
2400 . 2 1 .33 .38 .23
0400 .53 . 2 2 .35 -.03
Corticosterone 0800 .03 -.84 .23 .92
1 2 0 0 -.09 -.30 .18 .17
1600 -.52 .14 .60 .59
2 0 0 0 ;70 . 1 1 .39 -.19
2400 .26 .04 .32 . 1 2
0400 .80 .23 .44 -.17
Estradiol 0800 -.42 -.55** -.57* -.52*
1 2 0 0 .19 .08 .31 .23
1600 -.34 .60* .37 .63*
2 0 0 0 -.29 -.08 -.18 - . 0 1
2400 -.29 -.29 -.35 -.24
0400 .34 .36 .49* .29
Estriol 0800 -.54 -.54 -.6 6 * -.18
1 2 0 0 -.41 - . 2 1 -.71* -.57*
1600 -.30 . 0 0 -.26 -.08
2 0 0 0 -.31 .37 -.13 .15
2400 -.52* -.34 -.65* -.59
0400 - . 0 1 -.42* -.44* -.67**
*
Significant (P < .1 )
**
Significant (P < .0 1 )
presence or absence of an egg laid the following day are 
shown in Table 20. Experiment 3 was the only study in 
which eggs laid on the following day of the blood 
sampling were collected and recorded. Dietary calcium 
levels seemed to have no influence on the steroid hormones 
measured. The reproductive steroid hormones were higher 
if an egg was laid on the following day. Analyses of 
variance, as shown in Table XII (Appendix D), indicated 
that levels of dietary calcium did not have any effect 
on the levels of the steroid hormones measured. Presence 
or absence of an egg laid on the following day caused 
a significant difference (P < .01) in the levels of the 
reproductive hormones.
Figures 3, 4, 5, and 6 show the time of day fluc­
tuations in the levels of corticosterone, progesterone, 
estradiol, and estriol, respectively, as related to the 
dietary calcium levels and presence or absence of eggs 
laid on the following day of blood sampling. Plasma 
levels of corticosterone (Figure 3) were pooled values, 
since the calcium effect on this hormone was detected to 
be insignificant. Progesterone levels were lowest at 
1200, 1600 and 2000 hr and peaked at 0400 and 0800 hr.
TABLE 20.. Steroid hormone levels in plasma of hens fed 3.50 and 2.50% 
calcium and presence or absence of egg laid .on following day 
(Experiment 3)
Calcium (ng/ml)
level (%) Egg1 Corticosterone Progesterone Estradiol Estriol
3.50 + 2.56a 0.52a 1 .8 8 a 1 .1 1 a
3.50 - 1.63a 0.15b 1.19a 0.71ab
2.50 + 1.92a 0.57a 1.71a 1 .2 1 a
2.50 - 1 .8 8 a 0 .1 0b 1.40a 0.62b
3.50 2 .1 2 a 0.37a 1.56a 0 .8 8 a
2.50 1.89a 0.24a 1.47a 0.74a
•H 2.33a 0.54a 1.83a 1.15a
- 1.80a 0 .1 2 b 1.33b 0.65b
1 indicates presence (+) or absence (-) of eggs following day of blood sampling
a, b means with different superscript within the same column in a parameter 
differ significantly (P < .05)
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regardless of the treatment grouping (Figure 4). As 
opposed to the time relationship of the progesterone levels, 
the levels of estradiol (Figure 5) seemed to elevate and 
peak at 1200 to 1600 hr.
Experiment 4 . The correlations among egg shell 
quality, as measured by specific gravity, shell weight, 
and shell percent, seemed not to be influenced by envi­
ronmental temperature (Table 21). At 32°C, the means for 
egg weight, specific gravity, shell weight, and shell 
percent were lower than those at 24°c treatment (Table 
22). This result was confirmed by the analyses of 
variance as presented in Table XIII (Appendix D).
The overall means of the steroid hormones measured 
for the two environmental temperature treatment groups 
are given in Table 23. Analyses of plasma levels on 
progesterone and estriol were no.t detected to be different 
between the two temperature groups. Corticosterone level. . 
was significantly decreased (P 4. .05), while estradiol 
level- was increased (P < .05) at 32°C as compared to 24°C. 
Table XIV (Appendix D) shows the analyses of variance for 
the temperature effect on the steroid hormone levels 
measured.
TABLE 21. Correlation coefficients among egg characteristic measures in
hens from environmental temperature study (Experiment 4)
Temperature Specific Shell Shell
crravitv weiqht percent
Egg weight 32°C -.05 .61** -.16
24°C -.14 .57** -.23
Specific gravity 32°C .61 **
**
.82
24°C .59** .84**
Shell weight 32°C
24°C
• .67 ** 
.64 **
** Correlations are significant (P < .01)
TABLE 22. Means of egg characteristics by temperature groups (Experiment 4)
Temperature Egg weight Specific gravity Shell weight Shell percent
32°C 55.5a 1.080a 5.21® 9.41a
24°C 57.5b 1.085b 5.67b 9.88b
a, b
Means with different superscripts within the same column differ 
significantly (P < .05)
TABLE 23. Means for blood levels of progesterone, corticosterone,
estradiol, estriol, and total estrogens in hens exposed
to temperature at 24°C or 32°C (Experiment 4)
(ncr/ml)
Temperature Progesterone Corticosterone Estradiol Estriol
24°C 0.81a 5.79a 0.94a 0.61a
32°C 0.89a 4.74b 1.37b 0.89a
a, b
Means with different superscripts within the same column differ signi­
ficantly (P .05)
DISCUSSION
RIA Procedure. Plasma samples were used throughout these 
experiments. One common problem often observed in the 
plasma samples was the presence of debris. This material 
made the solvent extraction of the hormones and the 
ammonium sulfate precipitation of the antibody found
3
H-steroid fraction difficult. Since all samples in each 
experiment were analyzed simultaneously, factors such as 
room temperature fluctuations and prepared reagent vari­
ations should not have influenced the results of the 
steroid hormone analyses. Literature values of corticos­
terone, progesterone, estradiol, and estriol levels 
compare favorably with the values found in this study 
(Shahabi and Nalbandov, 1975; Graber and Nalbandov, 1976; 
Erb et al. 1978; Etches, 1979).
Experiment 1. The results of this study indicated 
that egg shell quality measures improved as hens laid 
eggs later in the day. This agrees with Roland et al. 
(1973; 1975). The lack of a clear relation between egg 
clutch size and egg shell quality measures agrees with
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Andrews, (1973) and Nestor and Ehlhardt, (1974). Result 
in this study of lower egg shell quality when eggs were 
laid at intervals of 24 - 26 hr is believed to he a new 
finding. Our results of egg production not affecting 
egg shell quality appears to he in disagreement with th&t 
of Pope et al. (1960), hut agreeable with Wilhelm (1940) 
and Perek and Snapir (1970). Based on the finding of 
this study the best egg shell quality should result from 
hens laying at intervals of greater than 26 hr or less 
than 24 hr, and laying at later times of the day.
The results of the hormone analyses for Experiment 1 
revealed positive significant correlations between egg 
shell quality measures with progesterone at 2000 and 
2400 hr when progesterone level was at its peak. This 
occurred during the dark photoperiod and was also at 
the time of low levels of the estradiol. A negative 
correlation of estradiol level and egg shell quality 
was obtained at 2400 hr. However, at 1600 hr a positive 
correlation was obtained between estradiol level and egg 
shell quality. This was a time period where progesterone 
was at a low level, while estradiol at its highest
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level. The ratios of progesterone and estradiol levels 
were wide at both of the time periods when the hormone 
levels were correlated to egg shell quality. Confirming 
an early report from this laboratory (Abdullah et al., 
1978) corticosterone was not related to egg shell quality. 
Daily corticosterone level fluctuations do not seem to 
be dependent on reproductive activity as reported by 
Etches (1979).
Experiment 2. The results of this study indicate 
that egg shell quality was lower in the older hens.
This biological effect is easy to demonstrate and is in 
agreement with numerous workers (Peterson, 1965; Roland 
et al., 1977; Roland et al., 1978). The only significant 
difference detected in the analyses of hormone levels 
was a lowered estradiol level in the old hens. The low 
estradiol level in the old hens could be related to both 
their low egg production and low egg shell quality. Hens 
laying less than 60% egg production in Experiment 1 had 
both low estradiol levels and low egg shell quality.
Experiment 3. Numerous reports have shown that 
increasing dietary calcium levels improves egg shell
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quality (Petersen et al., 1960; Mehring and Titus, 1964).
In spite of this, our results on steroid hormone levels in 
laying hen blood seemed not to be influenced by dietary 
calcium levels. However, when the blood samples were 
grouped as to the presence or absence of eggs laid on the 
following day after blood sampling (as an indicating of 
hens ovulatory activity), our findings showed that repro­
ductive hormone (progesterone, estradiol, and estriol) 
levels in the ovulated hens were significantly higher than 
the nonovulated hens. This finding confirms the reports 
of other researchers (Graber and Nalbandov, 1976; Erb et 
al. 1978; Etches, 1979).
Results obtained from the relationship of progeste­
rone and estradiol with egg shell quality measures confirms 
findings in Experiment 1. In addition, at 0800 hr, both 
progesterone and estradiol were negatively correlated to 
some egg shell quality measures. Therefore, it appears 
that the relationship between these two reproductive hor­
mones as related to the ovulation time may have an influ­
ence on the outcome of egg shell quality in the eggs laid 
the next day. It is interesting to note from our results 
that the relationship between progesterone and estradiol
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on egg shell quality measures is antagonistic at 1600 
to 2400 hr but synergistic at 0800 hr. Estriol level 
seems to have a negative relationship to egg shell 
quality throughout the ovulatory cycle of the hen.
Experiment 4. Poor egg shell quality as measured 
by specific gravity, shell weight, and shell percent was 
induced in the birds by increasing the environmental tem­
peratures from 24°C to 32°C. Similar results were 
obtained by other researchers (Miller and Sunde, 1975; 
de Andrade et al., 1976). At 32°c ambient temperature, 
blood corticosterone level in the laying hens was sig­
nificantly lower than that of birds exposed to 24°c 
temperature. This result is in agreement with the 
classical 'General Adaptation Syndrome' as described by 
Selye (1946). It indicates the birds were undergoing 
a period of adaptation after chronic exposure to 
heat stress. The blood estradiol level was significantly 
higher in the 32°C group as compared to those of 24°C 
treatment. This result agrees with the findings reported 
by Erb et al. (1978). In our experiment, the reason 
for this change is unknown.
SUMMARY
The purpose of these experiments was to identify 
the relationships between blood steroid hormone levels and 
factors known to influence egg shell quality in the 
laying hen. The four experiments conducted each 
used a different factor influencing egg shell quality.
The inherent factors (Experiment 1) of oviposition time 
and oviposition interval, had significant influences on 
egg shell quality. The best egg shell quality was obtained 
when hens laid later din the day at intervals of more 
than 26 hr or less than 24 hr. The best egg shell quality 
seemed to occur when progesterone was at a high level in 
the blood at 2000 to 2400 hr. This was also a time when 
estradiol was at a low level in the blood. However, 
good egg shell quality was related to low progesterone 
levels and high estradiol levels at 1600 hr. Thus, 
the wide ratios of these hormones and not the absolute 
levels may be related to egg shell quality.
Another study (Experiment 2) determined the effect 
of hen age on the possible relationship between egg shell
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quality and steroid hormone levels. As expected, the egg 
shell quality of the older hens was poorer. The only 
hormone effect was a lowered estradiol level in the old 
hens.
Experiment 3 tested the well known effect of dietary 
calcium levels on egg shell quality. Lowering dietary 
calcium from 3.50 to 2.50% lowered the egg shell quality 
measures of specific gravity and shell weight. There were 
no hormone differences seen in .this experiment that could 
be related to dietary calcium level. The presence or 
absence of an egg laid on the following day resulted in 
differences in':the reproductive hormone levels, which 
were high for those hens laying an egg on the following 
day.
Lowered egg shell quality with a high environemental 
temperature (32°C) was obtained in Experiment 4. Blood 
sairples drawn after 17 days of temperature exposure 
revealed a lower corticosterone level and a higher 
estradiol level in the high temperature group. These 
results can be explained by the known effects of 
environmental temperature on steroid hormones. However, 
no clear relation between egg shell quality and the 
hormone level could be delineated.
CONCLUSION
From the results of this study, the following 
conclusions may be drawn:
1. A good egg shell quality may be obtained when 
hens lay eggs later in the day and at an oviposition in­
terval of more than 26 hr or less than 24 hr.
2. Hens tend to lay eggs with poorer shell quality 
as they grow older.
3. Increasing the dietary calcium level in the 
laying hens ration from 2.50 to 3.50% resulted in .higher 
specific gravity and shell weight.
4. A chronic heat stressor- of 32°C may be . 
detrimental to egg shell quality
5. She levels of estradiol in the blood of laying 
hens seem to be influenced by numerous factors: estradiol 
decreased in the older and low egg producing hens and 
increased at high environmental temperature. Estradiol 
levels appear to be independent of dietary calcium levels.
6. Blood corticosterone levels may be decreased 
after chronic* exposure to heat stress at 32°C.
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7. Ovulatory hens secrete a larger amount of re­
productive steroid hormones in the blood as opposed to 
nonovulatory hens.
8. Progesterone and estradiol levels in the blood 
in relation to the time of ovulation seems to have an 
influence on the egg shell quality. At 1600 hr, estra­
diol level shows a positive relationship with egg shell 
quality, while negative at 2000 and 2400 hr. The 
relationship between progesterone and egg shell quality 
at these specific times seems to be opposite to that of 
estradiol. Therefore, our results suggest that the 
ratios between progesterone and estradiol in relation 
to ovulation time may have influenced the outcome of 
egg shell quality of eggs laid the next day.
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APPENDIX
APPENDIX A
RIA Procedure5
General Principle. The principle of RIA has heen 
applied to many organic compounds of biological interest. 
Erlanger et al. (1957), for the first time, reported 
the methods which permitted the synthesis of antigenic 
steroid-protein conjugates. The preparation of antisera 
using these compounds, along with techniques developed 
by Yalow and Berson (1971), have led to establishment 
of specific RIA methods for the estimation of steroid 
hormones in biological fluids. These methods are 
generally more sensitive, rapid, and specific than the 
bioassays. In RIA, specificity is theoretically 
achievable through the use monospecific antiserum. Since 
such an antiserum has not, as yet, been obtained for 
a
The following materials were adapted from "RIA of Steroids 
in Biological Materials by G f E. Abraham (1974), Acta 
Endocrinol (Suppl. 183); Radioimmunoassay by D, S. Shelley, 
Ei- P. Brown, and P. K. Besch (1973), Clin. Chem. 19:146- 
186").
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steroids, it is necessary to minimize the possibility of 
interference by cross reactive substances through a 
series of purification (extraction) steps. The basic 
principle of RIA is the competition between radioactive 
and non-radioactive antigen for a fixed number of antibody 
binding sites (Figure I). As increasing amounts of 
non-radioactive antigens (standard or unknown) and a fixed 
amount of radioactive antigen are allowed to react with 
a constant amount of antibody, a decreasing amount of 
radioactive antigen is bound to the antibody. This 
relationship can be expressed as a standard curve and the 
amount of unlabeled antigen in a sample determined by 
interpolation from this curve. Separation of free from 
antibody-bound steroid may be achieved through selective 
adsorption of the former onto activated charcoal or 
through precipitation of the latter by ammonium sulfate. 
Counts of either antibody bound or free radioactive 
antigen are measured by liquid"scintillation counting.
Validation of Reliability of RIA. The reliability 
of an assay depends on its specificity, sensitivity, 
accuracy, and precision.
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Labeled Antigen + Specific Antibody Labeled Antigen
- Antibody
S* Ab • complex S* Ab
Unlabeled Antigen 
(in standard soln or unknown samples)
S
f
Unlabeled ' Antigen - Antibody Complex 
S Ab
FIG. I. Principle of RIA procedure
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1. Specificity. Specificity is defined as how 
much of what you are measuring is due to the substance 
you want to measure and not to other substances. The 
specificity of an RIA procedure should take into account 
the nonspecific binding (NSB) which is radioactive antigen 
binding to source other than the antiserum used. In our 
laboratory, NSB for plasma and borate buffere (BB) were 
determined. The specificity of the RIA for steroid 
hormones can also be demonstrated in two ways:
a. The steroids known to be present in the 
purified fraction that is used to measure a specific 
steroid are shown not to interfere significantly in the 
assay either because they do not react significantly 
with the antiserum used or their concentration in the 
biological fluid is relatively low compared to the steroid 
measured.
b. The plasma levels of the steroid measured by 
RIA agree with levels obtained by other reliable, but 
less practical methods.
2. Sensitivity. Two kinds of sensitivity are eva­
luated:
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a. The sensitivity of the standard curve is 
defined as the smallest amount of steroid that is signi­
ficantly different from zero (t-test) and, depended upon:
(1) The affinity of the antiserum used for the 
steroid measured.
(2) The mass of labeled tracer and antibody used 
in the assay.
(3) The voliine of the incubation medium.
(4) The precision of the assay.
b. The sensitivity of the assay in the measurement 
of steroid levels in biological fluids is another aspect 
of the sensitivity. This hind of sensitivity is dependent 
upon:
(1) The sensitivity of the standard curve.
(2) The blank values
The blank is a non-specific and undesirable effect 
in the assay system. The primary effect of interference 
is to decrease the binding of the steroid, either by 
competitive inhibition or by an alteration in the energy 
of the steroid-protein complex. Most frequently, this 
results in decreased sensitivity, elevated blanks, and 
erratic spuriously elevated measurements of the steroid
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content in processed samples. The most common sources 
of interference are glassware, organic solvent, chromato­
graphy materials, and the air or nitrogen sources used 
to evaporate solvents in the assay. It is obviously 
essential that interfering substances be removed from 
these materials in order to establish a reliable and 
consistant assay procedure.
3- Accuracy. It is defined as how well the estimated 
measurement compares with the "true" measurement. The 
relative accuracy of RIA is tested by recovery experiments. 
To the plasma, increasing amounts of appropriate standard 
are added. The amount of steroid measured in the assay 
is then correlated with the amount added. Theoretically, 
a correlation coefficient of 1 . 0  ought to be obtained. 
Inaccuracy may be due to procedural errors and losses, 
interfering substances, and interaction with materials 
used in analysis.
4. Precision. It is defined as how reproducible 
an individual measurement is compared to the average mea­
surement. For testing the precision of the assay, the 
intra-assay (within) variation is evaluated by replicate
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measurement of the same sample in the same assay 
systems and the inter-assay (between) variation by 
replicate measurements in different assays, using samples 
with a wide range of concentrations. The coefficient of 
variation from the mean of results of replicate determina­
tions is then estimated. The approach is to calculate the 
standard deviation of replicate measurements of the same 
samples. The coefficient of variation is then the 
standard deviation expressed as percent of the mean value 
of the replicate determinations. As a general rule, the 
inter-assay variation is greater than the intra-assay 
variation.
Assay Set-up. Every rack, 144 disposable culture 
17tubes (10 x 75 mm) contained triplicates of each point 
on the standard curve. Each rack also contained tripli­
cates of the pool and NSB tubes. The pool was a specific 
sample run in each assay to compare the variability within 
and between assays. NSB were run on the borate buffer 
(used in standard curve incubations) as well as borate 
buffer reconstituted dried plasma extracts (used in sample 
incubation). Pinal data were corrected for NSB buffer
XT- ” :--------------------
See Appendix C
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and NSB plasma losses. In each rack, 36 tubes were 
used for standards, 108 tubes being run in duplicate 
yielding analyses of 54 samples per rack (Appendix B).
Reagents and Solvents Used;
1. Borate Buffer (BB), 0.05 M, pH = 8.0
2. Sodium hydroxide (NaOH), 10N
3. Bovine Serum Albumin (BSA); 10 percent
4. Bovine Gamma Globulin (IgG), 2.5 percent
5. Ammonium sulfate (saturated)
6. Antiserum (AB), antibody stock solution
7. 3H-Steroid (S*) stock
8 . Antibody-labeled antigen (AB/S*) solution
9. Non-Specific Binding (NSB*) solution 
10. Standard Steroid (S) solution
Preparation of Above Solutions
1. Borate Buffer (BB), 0.05 M, pH = 8.0
a. Weigh .4 g reagent grade boric acid3,8  
crystals
b. Dissolve the cystals in 1000 ml distilled 
water containing 0.6 ml of 10 N NaOH
18
See Appendix C
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c. Confirm pH with short range pH paper or 
with pH meter. Neither pH nor concentra­
tion was critical
d. Store at 4°C (refrigerator)
2. Sodium Hydroxide’1’9 (NaOH), ION
a. Weigh 4 g NaOH pellets
b. Add 10 ml distilled water
3. Bovine Serum Albumin2 0  (BSA), 10 percent
a. Dissolve 1 g BSA powder in 10 ml distilled 
water.
b. Store at 4°C (refrigerator)
4. Bovine Gamma Globulin2-*- (IgG), 2.5 percent
a. Dissolve 250 mg IgG in 10 ml distilled 
water
b. Store at 4°C (refrigerator)
5. Ammonium Sulfate22 (saturated)
a. Pour 500 ml distilled water in a glass 
bottle
b. Add ammonium sulfate crystals until solution
19/ 20, 21, 22
See Appendix C
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becomes saturated. Confirm by presence 
of crystals after 2 hours.
6 . Antiserum (AB), Antibody Stock Solution
a. Progesterone and Corticosterone, Antisera2 3  
- Reconstitute one AB vial with distilled
water as indicated on Endocrine Sciences
labels
b. Estradiol and Estriol Antisera2^ - No further 
reconstitution is needed. Use from original
solution as shipped by Radio Assay System 
Laboratories.
c. Store the AB stock at - 10°C
d. Refreeze immediately after each use.
7. 3H-Steroid (S*) Stock2^
a. Dilute 250 uCi 3H-Steroid to 25 ml absolute
ethanol2® (10 uCi/ml). This yields 10,000 
to 15,000 counts per minute (cpm) per assay 
tube when used as specified in the given 
AB/S* solution store at 4°C.
23,24,25,26
See Appendix C
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8 . Antibody - Labeled Antigen (AB/S*) Solution 
- Prepare in disposable glass bottles using 
Lang-Levy pipet2^ to deliver small amounts 
of 2H-steroid (s) solutions,
a. Progesterone (AB/P*)
1) Pipet 50 ul 1, 2, 6 , 7-^H-proges- 
terone2 8  stock
2) Evaporate ethanol under moving air 
(hood)
3) Add 6 ml BB
4) Add 125 ul BSA
5) Add 125 ul IgG
6 ) Add 50 ul progesterone stock antiserum 2 9
7) Mix
b) Corticosterone (AB/B*)
1) Pipet 75 ul 1, 2, 6 , 7-2H-corticos- 
terone2 0  -stock
2) Evaporate off ethanol under moving 
air (hood)
27, 28, 29, 30
See Appendix C
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3) add 10 ml BB
4) add 20 ul BSA
5) add 200 ul IgG
6) add 90 ul of corticosterone stock anti-
31serunr x
7) mix
c) Estradiol (AB/E$)
1) Pipet 50 ul of 6, 7 - ^H- estradiol
stock32
2) evaporate the ethanol under moving air 
(hood)
31, 32
See Appendix C
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3) Add 5 ml BB
4) Add 100 ul BSA
5) Add 100 ul IgG
6 ) Add 25 ul of estradiol stock anti- 
serum^ 3
7) Mix
d) Estriol (AB/EJ)
1) Pipet 50 ul 2, 4, 6 , 7-3H-estriol3 4  
stock
2) 'Evaporate ethanol under moving air 
(hood)
3) Add 5 ml BB
4) Add 100 ul BSA
5) Add 100 ul IgG
6 ) Add 150 ul estriol antiserum3 3  stock
7) Mix
9. Non-Specific Binding (NSB*) solution - Same 
ingredients as a given AB/S* solution but 
omit final addition of antiserum stock
33, 34, 35
See Appendix C
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(Steps a-6, b-6, c-6 and d -6 above).
10. Cold Steroid Standard Solution
- Prepare 0.5 ng/ml of progesterone®®, 
corticosterane®9, estradiol40, and estriol4-*- 
solutions per ml of absolute ethanol
a) Weigh 50 mg of a given steroid into 50 ml 
ethanol = 100,000 ng/ml (stock I)
b) Dilute 1 ml stock 1 into 100 ml ethanol = 
1 , 0 0 0  ng/ml (stock 2 )
c) Dilute 250 ul Stock 2 into 500 ml ethanol =
0.5 ng/ml (stock 3)
d) Store at 4°C (refrigerator)
38, 39, 40, 41
See Appendix C
APPENDIX B
TABLE_____  Volumes needed for assay tubes
CT No. ID
Std
( U l )
Std
(pg/tube)a
BB
( u l )
PE
( u l )
AB/S*
( u l )
NSB*
( u l )
<n h4 >,
SO.
( u l f
BB
( u l )
Total
( u l )
1 - 3 TCAB/S* — — 50 - 200 - - 250 500
4 - 6 TCNSB - - 50 - - 200 - 250 500
7 - 9 Ong/ml - - 50 - 200 - 250 - 500
10-12 0.5ng/ml 10 5.0 50 - 200 - 250 - 500
13-15 1.25ng/ml 25 12.5 50 - 200 - 250 - 500
16-18 2.5ng/ml 50 25.0 50 - 200 - 250 - 500
19-21 5.Ong/ml 100 50.0 50 - 200 — 250 - 500
22-24 10.Ong/ml 200 100.0 50 - 200 — 250 - 500
25-27 15.Ong/ml 300 150.0 50 - 200 - 250 - 500
28-30 25.Ong/ml 500 250.0 50 - 200 - 250 - 500
31-33 NSBBb — — 50 — 200 250 - 500
34-36 NSBpc — — — 50 - 200 250 — 500
37-38 Pool - - — 50 200 — 250 - 500
39-40
etc
Unknown — — 50 200 — 250 500
a Add this volume of progesterone standard with Lang-levy pipet, then evaporate
ethanol with air 
b Non-Specific Binding determination for BB
c Non-Specific Binding determination for plasma extract
d Pooled plasma extract.
(Abrev. are: Std (Standard), BB (borate buffer), PE (plsma extract), AB/S*(labeled 
antibody-steroid), and TCAB/S* (total counts labeled antibody-steroid)
APPENDIX C
List of Manufacturers
1. Hygrothermograph, Bendix Environmental Sci. Div., 
Baltimore, MD. 21204*
2. Heparin, Sigma Chemical Co., St. Louis, Mo. 63178*
3. TJ- 6  Centrifuge, Beckman Instruments, Inc., Palo Alto, 
CA. 94304*
4. Fisher Scientific Co., 711 Forbes Ave., Pittsburgh,
PA. 15219*
5. Micromedic Systems, Horsham, PA. 19044*
6 . Culture Tubes, Disposable Glass, Curtin Matheson 
Scientific, Inc., Houston,-TX. 77001*
7. 2,2,4 - Trimethylpentane, Nanograde, Mallinckrodt 
Chemical Works, Mo. 63160 .
8 . The Big Vortexer, Model No. VB-1, Kraft Apparatus, 
Inc., Mineola, N.Y. 11501*
9. So-Low, Environmental Equipment Co., Cincinnati, OH.
10. Dichloromethane, Pesticide Quality, Matheson Coleman 
and Bell Manufacturing Chemistry, Norwood, OH. 45212*
11. Culture Tubes, Disposable Glass, Curtin Matheson 
Scientific, Inc., Houston, TX. 77001*
12. Parafilm, American Can Co., Dixie/Marathon, Greenwich, 
CT. 06830*
13. Repipet Diluter, Labindustries, Chemical and Research 
Instruments, 1802 Second Street, Berkeley, CA. 94710*
14. Ready-Solv. HP, Beckman Instruments, Inc., Fullerton, 
CA. 92634.
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15. Kimble, Div. of Owens-Illinois, Toledo, OH. 43666.
16. LS - 230, Liquid Scintillation System, Beckman 
Instruments, Inc., Fullerton, CA. 92634.
17. Culture Tubes, Disposable Glass, Curtin Matheson 
Scientific, Inc., Houston, TX. 77001.
18. Boric Acid, Granular, Analytical Reagent, 
Mallinckrodt Chemical Works, St. Louis, Mo. 63147.
19. Sodium Hydroxide, Electrolyte Pellets, Fisher 
Scientific Co., Fair Lawn, N.J. 07410.
20. Albumin, Bovine, Fr. V Powder, United States 
Biochem. Corp., Cleveland, OH. 44128.
21. Gamma Globulin, Fraction 2 (Bovine), United States 
Biochem. Corp., Cleveland, OH. 44128.
22. Ammonium Sulfate, Crystals, ACS Reagent, Matheson 
Coleman and Bell Manufacturing Chemists, Norwood,
OH. 45212.
23. Endocrine Sciences, 18418 Oxnard Street, Tarzana,
CA. 91356.
24. Radioassay Systems Laboratories, Inc., 1511 East 
Del Amo Blvd., Carson, CA. 90746.
25. New England Nuclear, Boston, MASS. 02118.
26. Absolute Alcohol, USP Reagent Quality, US Industrial 
Chemical Co., New York, NY. 10016.
27. Lang Levy Micro Pipet, Fisher, 10700 Rockley Road, 
Houston, TX. 77001.
28. NET - 381, Progesterone, 1,2,6 ,7-3H(N) - Lot No. 
1004-083, New England Nuclear, Boston, MASS. 02118.
29. Progesterone (Pll - 192), Endocrine Sciences, 
Tarzana, CA. 91356.
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30. NET-399, Corticosterone, 1,2,6,7-3H(N) -Lot No. 
1163-009, New England Nuclear, MASS. 02118*
31. Corticosterone (B21-42), Endocrine Sciences,
Tarzana, CA. 91356*
32. NET-013, Estradiol, 6,7-3H(N) -, Lot No. 1163
-Oil, New England Nuclear, MASS. 02118*
33. Anti-Estradiol-17 (158), Radioassay Systems 
Laboratories, Inc., Carson, CA, 90746*
34. NET - 410, Estriol, 2,4,6,7-3H(N) - Lot No. 1191
-028, New England Nuclear, MASS. 02118.
35. Anti-Estriol (161), Radioassay Systems Laboratories, 
Carson, CA. 90746*
36. NET-013, Estradiol, 6,7r3H(N) -, Lot No. 1163-
011, New England Nuclear, Boston, MASS. 02118*
37. Atomic Products Corporation, Center Moriches,
L.I., N. Y.
38. Progesterone, Sigma Chemical Co., Box 14508, St. 
Louis, Mo. 63178*
39. Corticosterone, Sigma Chemical Co., 14508, St.
Louis, Mo. 63178*
40. Estradiol, Sigma Chemical Co., Box 14508, St.
Louis, Mo. 63178.
41. Estriol, Sigma Chemical Co., Box 14508, St. Louis, 
Mo. 63178*
Appendix D
TABLE I . Analyses of variance for oviposition time on egg characteristics
(Experiment 1)
Source
Degrees
of
freedom
Sum of Squares
Egg
weight
Specific
gravity
Shell
weight
Shell
percent
Total 290 4474 801 144 274
Oviposition Time 3 108** 53** 4** 2 1 **
Day 14 79 83 2 5
Cage 28 2676** 294** 83** 129**
Oviposition time x Day 41 175 2 1 ** 4.5 7
Error 204 966 165 29 59
* *
Significant (P < .01)
TABLE II. Analyses of variance for oviposition interval on egg characteristics
(Experiment 1)
Source
Degrees
of
freedom
Sum of squares
Egg
weight
Specific
gravity
Shell
weight
Shell
percent
Total 172 2623 466 80 148
Oviposition interval 4 23 7* 1 ** 3*
Day 13 38 64** 1 4
Cage 27 1453** 159** 4** 71*
Oviposition interval x Day 33 213** 35* ]_** 9
Error 95 288 59 9 19
*
Significant (P < .05)
* *
Significant (P < .01)
TABLE III Analyses of variance for clutch size on egg characteristics
(Experiment 1)
Source
Degrees
of
freedom
Sum of sguares
Egg
weight
Specific
gravity
shell
weight
Shell
percent
Total 290 4474 801 144 274
Clutch 3 195 1 1 2 7
Error a 26 2572 364 99 161
Day 14 79 130** 4* 13**
Clutch X Day 36 163 42 5 1 2
Error b 216 1046 208 31 79
* Significant (P 4. .05)
** Significant (P ^  .01)
TABLE IV.. Analyses of variance for egg production on egg characteristics
(Experiment 1)
Sum of Sguares
Egg Specific Shell Shell
Source df weight gravity weight percent
Total 290 4474 801 144 274
Egg production 2 167 9 4 3
Error a 27 2864 354 96 157
Day 14 97 169** 3 1 1 **
Egg Production X Day 26
**
207 31 5 1 1
Error b 2 2 1 1 0 1 1 2 2 0 31 82
** Significant (P 4 .01)
TABLE V . Analyses of variance for effect of oviposition time on blood levels
of progesterone, corticosterone, estradiol, and estriol (Experiment.1)
Source
Progesterone 
dfa SSb
Corticosterone 
df SS
Estradiol 
df SS
Estriol 
df SS
Total 1 0 0 179 58 359 35 56.3 9 8.9
Oviposition Time (OT) 2 g* 2 28 2 0.4 2 0.9
Sampling Time (ST) 5 87* 4 43 5 15.1* 4 7.4
OT k  ST 1 0 39* 7 59 9 12.7 1 4.3
Error 83 52 45 267 19 23.9 2 0 . 6
a
indicates degrees of freedom
b
indicates sum of squares
*
Significant (P <.05)
TABLE VI. Analyses of variance for effect of oviposition interval on plasma
levels of progestorone, corticosterone, estradiol, and estriol
(Experiment 1)
Progesterone Corticosterone Estradiol Estriol
Source dfa si* df SS df SS df SS
Total 52 135 30 242.0 24 47.0 7 6 . 2
Oviposition Interval (01) 1 1 1 0.4 1 0 . 6 1 0.5
Sampling Time (ST) 5 81* 4 28.5 5 26.9 4 5.2*
01 x ST 5 8 4 36.1 4 0.5 - -
Error 41 46 2 1 178.0 14 17.0 2 0 . 1
a
indicates degrees of freedom
b
indicates sum of squares
*
Significant (P < .05)
TABLE VII. Analyses of variance for effect of clutch size on plasma levels
of progesterone, corticosterone, estradiol, and estriol (Experiment 1)
Source
Procresterone 
dfa SSb
Corticosterone 
df SS
Estradiol 
df SS
Estriol 
df SS
Total 142 203 87 524 69 1 2 1 24 26
Clutch Size (CS) 3 13** 3 2 2 3 9 3 0.3
Error a 2 0 16 2 0 1 1 0 1 1 46 7 3
Sampling Time (ST) 5 18** 5 40 5 6 5 0.3
CS x ST 15 31** 1 1 70 1 2 15 - -
Error b 99 78 48 272 38 45 9 4
a
indicates degrees of freedom
b
indicates sum of squares
**
significant (P<.05)
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TABLE VIII Analyses of variance for effect of egg production on plasma levels
of progesterone, Corticosterone, estradiol, and estriol (Experiment 1)
Source
Proqesterone 
dfa SSb
Corticosterone 
df SS
Estradiol 
df SS
Estriol 
df SS
Total 166 209 87 524 69 1 2 1 24 26.0
Egg Production (EP) 2 19** 2 6 2 18 2 1 1 . 0
Error b 2 1 1 1 2 1 116 1 2 42 6
o•in
Sampling Time (ST) 5 3 5 ** 5 28 5 13* 5 0.4
EP x ST 1 0 34** 9 44 1 0 2 2 * 3 1 .0 *
Error b 128 81 50 297 40 38 5 0 . 2
a "indicates degrees of freedom 
Id indicates sum of squares 
3 significant (P < .05)
** Significant (P <.01)
TABLE IX. Analyses of variance for effect 
characteristics (Experiment 2)
of age groups of hens on egg
Sum of Squares Stun of Squares
Source df
Egg
weight
Specific
gravity df
Shell
weight
Shell
percent
Total 339 11455 1042 260 137.56 225.18
Age 1 27 139** 1 11.70** 31.92**
Error a 55 7084 437 53 74.22 122.45
Period 5 41 203** 3 2.89** 4.52**
Age x Period 5 38 14** 3 0 . 2 2 0 . 6 6
Error b 273 4159 226 2 0 0 47.07 65.09
** Significant (P < .01)
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TABLE x. Analyses of variance for effect of age groups on progesterone,
corticosterone, estradiol, and estriol levels in blood
(Experment 2)
Proge sterone Corticosterone Estradiol Estraiol
Source dfa SS*3 df SS df SS df SS
Total 147 1 0 1 0 1 589 2 2 63 32 48
Agec 1 0 1 15 1 7* 1 0
Error a 19 1 19 140 8 7 1 2 2 0
Period 5 4* 5 78* 5 1 1 5 2
Age x Period 5 0 5 58** 5 8 5 3
Error b 117 \ 5 71 254 5 3 9 6
a
indicates degrees of freedom
b
indicates sum of squares
c
indicates age groups which consist of 12 months (young) and 24 months (old) 
of age hens.
*
significant (P <.05)
ieif
significant (P <.01)
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TABLE XL. Analyses of variance for. effect of dietary calcium levels on egg
characteristics (Experiment 3)
Degree Sum of Souares
of Egg Specific Shell Shell
Source Freedom Weight gravity weight percent
Total 612 14047 1269 287 446
Calcium 2 516 6 8 * 2 2 * 17
Error a 42 5682 323 107 142
Day 17 241 147** 3 ig**
Calcium x Day 34 '364 46 8 15
Error h 517 7287 6 6 6 138 239
** Significant (P < .01)
* Significant (P ^ .05)
124
TABLE XEI. Analyses of variance for effect of dietary calcium levels on
progesterone, corticosterone, estradiol, and estriol levels in
the plasma (E;xperiment 3)
Corticosterone Progesterone Estradiol Estriol 
Source dfa SS^ df SS df SS df SS
Total 91 367 119 39 96 116 59 2 2
Calcium (C) 1 1 1 0 1 0 1 0
Error a 16 2 0 1 16 4 16 30 14 1 0
Egg (E) 1 5 1 5** 1 6 ** 1 3**
Time (T) 5 39 5 6 ** 5 31** 5 2 **
C x E 1 2 1 0 1 0 1 0
C x T 5 . 3 5 3* 5 5 5 1 **
E.x T 5 27 5 3* 5 1 0 * 4 1 **
C X E X T 5 4 5 1 5 8 * * 3 2 **
Error b 52 84 80 18 57 25 25 2
a indicates degrees of freedom 
h indicates sum of squares
* significant (P ■£. .05)
** significant (P 4. .01)
TABALE XCII. Analyses of variance for effect of environmental temperatures
on egg characteristics in laying hens (Experiment 4)
Degrees _______ Sum of squares Degrees Sum of Squares
of Egg Shell Shell of Specific
Source Freedom weight weight percent freedom gravity
Total 1663 39775 669 1300 1657 3547
Temperature 1 1116** 63** 72** 1 284**
Error a 125 24485 341 586 125 1141
Day 16 4 7 9 ** 16** 37** 16 706**
Temperature x Day 16 494** 5** 25** 16 58**
Error h 1505 12623 215 551 1499 1249
* *
Significant (P < .01)
Table XEV. Analyses of variance for the effect of ambient temperature on blood
levels of progesterone, corticosterone, estradiol and estriol
(Experiment 4)
Progesterone Corticosterone Estradiol Estriol
Source dfa SS*3 df SS df , SS df SS
Total 123 95 77 380 42 43.2 38 42.4
Temperature (T) 1 1 1 1 1 0 1 2.9
Oviposition time (OT) 3 2 3 0 3 4.0 3 10.0*
T x OT 2 4 2 19 2 0.3 2 0.1
Error a 14 5 13 90 6 1.0 7 7.8
Sampling time (ST) 5 19** 5 52* 5 12.9 5 4.2
T x ST 5 2 4 13 3 1.3 2 4.2
OT x ST 15 25** 12 32 9 10.0 7 9.9
T x OT x ST . 10 16** 6 25 4 0.3 0 0
Error b 68 24 31 95 8 0.4 10 5.8
a Indicates degrees of freedom 
b Indicates sum of squares 
* Statistically significant (P< .05) 
** Statistically significant (P<.01)
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